The part of rail joint becomes the cause of the disadvantage points such as ride discomfort, undesired sound and track maintenance, etc. For restraining those points, the long rail made by welding the standard length rails has been developed. However, the problems of the buckling caused by the axial stress (i.e. the thermal stress which is brought out by the weather conditions or the friction heat between wheel and rail) of the rail have been pointed out. Therefore, some evaluation techniques for buckling management have been proposed. In this study, the relationship between the increase in compressive stress and the behaviors of the characteristics of the wavelet transform (i.e. a kind of time-frequency analysis) results of ultrasonic echoes was researched. The stress was increased in 10 [MPa] interval, and the echo at each stress was detected. From the results of experiment and analysis, it became clear that there is the relatively correlation between three characteristics and the stress. They are RMWC, RWE and RKTW respectively. The value of each RMWC, RWE and RKTW shows the ratio to the initial value (i.e. shows at 0[MPa] in this case) of MWC (i.e. the maximum wavelet coefficient), WE (i.e. wavelet energy) and KTW (i.e. the kurtosis of the time fluctuation waveform of the wavelet coefficient of the frequency that indicates MWC). Therefore, it was able to show the possibility of comparatively accurately predicting the increment of the stress by comparing the transitions of those.
The part painted in pink color is the place where the axial stress works. The surface in the contact region side of the probe is rusty because of the assumption that the measurement is performed in the rail maintenance scene. , it is clear that there is not the correlation of between the RPT and the stress. As that reason, the influence of surface conditions is considered, because the polishing of the specimen surface is necessary in order to raise the measurement accuracy of that time. Vol.85, No.880 (2019) On the other hand, the R 2 of the equations in figure (b) show the low value. From these results, it is clear that the high correlation exists between the stress σ and the RMWC.
Ratio of MWC : RMWC [-]
Axial stress σ [MPa] Deviation of plots to actual axial stress: 10.92 [MPa] RMWC = e (0.00258σ -0.00258)
±13[MPa]
Deviation of all plots to actual axial stress: 10.46 [MPa] Transactions of the JSME (in Japanese), Vol.85, No.880 (2019) , and the value of R 2 is also smaller than 0.9. On the other hand, though the rate of change of RKTW to the stress is smaller than that of WE, it is bigger than that of MWC. From those results, it is proven that the plots of both parameters distribute in the neighborhood of each line drawn by each equation, and it can be said that they are effective as well as MWC for the stress estimation. Fig.9 Evaluation results of the validity of the RWE and RKTW for estimating the axial stress of rail. The legends of the plots and the lines are same as Fig.6 . The accuracy of the estimation by the RWE shown in figure (a) is inferior to that of the others (i.e. RMWC and RKTW), the estimation often deviates from the tolerance level of evaluation precision. And it is the low estimation level that the deviations of both plots to the stress show 17 [MPa] . The RKTW seems to be much effective parameter under the experimental conditions in this study, because the accuracy of the stress estimation by that parameter is equivalent to that of RMWC, and the change rate to the stress of that parameter is bigger than that of RMWC. From the results of Fig.5, Fig.6, Fig.8 and Fig.9 , it is able to be said that the RMWC and RKTW proposed in this study are effective parameters for the axial stress estimation. On the other hand, the results estimated by RWE show the low level. However, it is thought that parameter is the valid as the application for estimating the values, because that change rate is bigger than the other parameters.
(a) Compression between actual axial stress and stress estimated by RWE.
(b) Compression between actual axial stress and stress estimated by RKTW. Deviation of all plots to actual axial stress: 10.62 [MPa] Transactions of the JSME (in Japanese), Vol.85, No.880 (2019) Fig.10 Examples of the results of the deviation for each targeted stress to each estimation by each parameter. It is clear that the estimation of axis stress by RMWC and RKTW are the relatively good. On the other hand, RWE often deviates from the tolerance level of evaluation precision, but it is effective as an evaluation item with low level stress of 10-20 [MPa] and the medium-high levels stress of 80-100 [MPa] .
Tolerance level of evaluation precisio n Transactions of the JSME (in Japanese), Vol.85, No.880 (2019) Fig.11 Examples of the results of relative estimation of the axis stress by the equation of regression shown in Fig.4 and Fig.8 under the conditions of the pre-stress. The change values of the stress were estimated by RMWC and RKTW under the conditions of pre-stress. The ratio of that stress contained into tolerance level and the deviation for each targeted values to that stress show the high level. From these results, it is considered that the relative evaluation by these parameters is possible. On the other hand, the results of the change values estimated by RWE and the rate of the values into the tolerance level show the low level. However, it is evaluated to be the effective parameter as the application for estimating the values, because the change rate of RWE is bigger than the other parameters. Deviation for the targeted stress: 7.72 [MPa] σ RMWC = ln(RMWC)/(2.58×10 -3 )+1 σ RWE = ln(RWE)/(2.93×10 -2 )+1 σ RKTW = ln(RKTW)/(1.40×10 -2 )+1 
